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ABSTRACT 
 
The reuse of software and related artifacts offers the 
potential for cost savings in various industries and has 
contributed to the development of the cyberinfrastructure 
that is used by the Earth science community. Developing 
measures that enable the assessment of software in terms of 
its potential reusability can contribute to efforts of both 
developers and reusers of software. Draft Reuse Readiness 
Levels (RRLs) have been developed as an instrument for 
assessing the maturity of software products for potential 
reuse. The process employed to develop the draft RRLs is 
described, and the initial summary of topic areas defined for 
each level is presented. Based on recommendations from the 
community of Earth science data systems software 
developers, areas for improving the precision of the draft 
RRLs have been identified and an approach for identifying 
enhancements is described. 
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1. INTRODUCTION 
 
The value of software reuse can be readily observed by the 
growth of the open source community of developers and 
reusers of software, which has been changing practices for 
software development in various industries [1]. Likewise, 
the community of Earth science systems developers has 
benefited from the development and reuse of reusable 
software [2]. Furthermore, eScience and the Earth science 
community in particular also have benefited from the 
adoption of open source software and standards [3].  

The widespread reuse of existing software needs to be 
supported by tools that can assist both developers who 
create reusable software and users who reuse existing 
software. Software developers need support to guide their 
preparation of software for potential reuse. Similarly, 
prospective users of software need support when assessing 
software for potential reuse. Both software developers and 
software adopters share a common need for capabilities to 
evaluate software and related assets for potential reuse. 
Measures are needed to meet the common needs of both 
developers and reusers to assess software assets for potential 

reusability. The identification and validation of such 
measures requires research [4].  

Providing a common instrument for developers and 
users of software to measure the maturity of software for 
reuse can provide both groups with uniform support that 
meets the needs of both groups. Common measures are 
needed so that each group can assess software, at any point 
during its development, to determine the extent to which the 
software is ready for reuse.  

The reusability of software products is a factor often 
neglected in common measures of technology maturity such 
as Technology Readiness Levels (TRLs), for which the 
United States Department of Defense (DoD) and the 
National Aeronautics and Space Administration (NASA) 
have two of the most often used definitions [5, 6]. Measures 
such as TRLs are concerned primarily with usability of a 
technology, not its reusability. TRLs have been applied to 
the adoption of new technologies within various domains 
and have inspired the development of tools to automate the 
assessment of technology and reduce the costs of evaluating 
candidate technologies that are being considered for 
adoption [7].  

Reusability is a separate issue and an important one to 
consider, since the reuse of software can provide many 
benefits such as saving time, saving money, and increasing 
reliability [8]. Software developers would benefit greatly 
from having a simple way to quickly estimate the readiness 
of software assets to be reused. While an estimation of reuse 
readiness will not eliminate the need for examination and 
testing of candidate reusable assets, it will enable developers 
to more easily determine how ready the software is for their 
purposes and how much modification may be necessary 
before it can fill their needs. 

In addition to the TRLs, various models for assessing 
the maturity of software have been proposed, including the 
Business Readiness Rating [9], the Open BQR [10], and the 
Open Source Maturity Model [11]. However, in the absence 
of widespread adoption of any of these models by the large 
community that reuses software, an alternative model is 
being developed to assess the maturity of software for reuse. 

The NASA Earth Science Data Systems (ESDS) 
Software Reuse Working Group is in the process of 
developing a set of Reuse Readiness Levels (RRLs) for the 
purpose of determining the reuse maturity of software assets. 
These levels are modeled after NASA’s TRLs, which have 



been used for many years, particularly for assessing 
hardware readiness for space flight purposes. The 
availability of RRLs will enable software developers to 
evaluate software that is being prepared for potential reuse 
and serve as a resource for prospective users to select 
software to be reused. 

This paper describes the background and justification 
for the creation of RRLs and work done to date on the 
development of both the topic levels and the single RRL 
scale. Community feedback is considered, its relation to the 
measurement of reuse maturity interpreted, and some 
improvements for the next revision of the RRL scale are 
suggested. Some of the potential uses, applications, and 
implications of RRLs are also described. 
 

2. REUSE READINESS LEVEL TOPIC AREAS 
 
An iterative approach is being taken to develop the RRLs. 
Initially, the needs of both software providers and software 
reusers were identified to determine the capabilities to be 
offered. Software providers need to determine whether their 
software can be used by others, whether the software is 
ready for reuse, and which areas need to be improved for use 
by others. Software reusers need to determine whether to 
consider reusing a software asset, compare software assets 
available for reuse, assess strengths and weaknesses of such 
software, and identify where additional development is 
necessary for reuse. 

Software development characteristics determined to be 
critical for enabling software reuse were identified and 
categorized as initial topics to be considered for the 
development of the RRLs. Different types of software 
programs were considered during the analysis. Software 
development characteristics, identified as both critical and 
challenging for software reuse, were nominated as the initial 
candidate topics for the RRLs. These included 
Documentation, Extensibility, Intellectual Property Issues 
(including licensing), Modularity, Packaging, Portability 
(including generality), Standards Compliance, Support, and 
Verification/Testing. 

For the preparation of the topic areas, teams of experts 
were organized to analyze each of the candidate topic areas 
identified for the RRLs. Each team, consisting of at least two 
individuals who have been involved in software 
development, prepared the topic area in which they 
possessed expertise for inclusion in the RRLs.   

Initially, a description was prepared for each of the 
nominated topics. The descriptions defined each topic area 
and described aspects of software development that 
differentiated it from other topics. Each initial RRL topic 
area was analyzed to identify and describe break points or 
intermediate work products completed during software 
development that could contribute to the potential for 
software reuse. The descriptions of each successive work 
product include aspects of the sequential process, the 

resulting work product, and implications for reuse of the 
work product, the topic area, and the software. In addition, a 
label was created for each sequential work product to 
succinctly describe the work product and its potential for 
reuse. 

Next, each work product that had been identified as 
contributing to software reuse was assigned a sequential 
number to reflect the sequence of activities that occurred 
during the software development process. Consecutively 
increasing numbers assigned to each successive work 
product created during software development reflected the 
increasing maturity that the software attained during 
preparation for reuse. Five to nine successive work products 
were identified for each of the nine topics previously 
identified and these were nominated as potential levels in the 
sequence that occurs during the software development 
process for each respective topic area. 

 
3. REUSE READINESS LEVEL SUMMARIES 

 
All of the potential levels and each of the topic areas were 
combined in a nine-by-nine matrix, where each column 
represented a topic area and each row represented a tentative 
level in the sequential development of the software. For 
topic areas that contained nine levels, each sequential level 
was assigned to a consecutive row in the matrix. Topic areas 
that contained less than nine levels were analyzed to 
determine corresponding levels that described similar 
aspects of maturity completed for the other topic areas. 
Where some topic area levels did not correspond directly 
with other levels, additional analysis identified the 
appropriate row for assigning the potential level for the 
topic. Combining the categories, levels, and descriptions 
resulted in a single proposed Reuse Readiness Level (RRL) 
scale. 

When all of the potential levels for each of the topic 
areas had been assigned to rows within the matrix, four 
experts in software development each conducted an 
independent review and analysis of each level. The analysis 
of each level reviewed each topic area represented within the 
level and was conducted to determine whether the activities 
described within each level were consistent. Each of the 
reviewers reported on the inconsistencies observed within 
each level and prepared a draft statement that summarized 
the software development achieved for each level along with 
the limitations and the potential for reuse of the software that 
was observed for each level. Review of each of the topic 
area categories across each level resulted in a draft summary 
describing each proposed level as software becomes more 
mature during preparation for potential reuse.  

A fifth reviewer, also an expert in software 
development, prepared a single statement that summarized 
each level, based on the four independently produced 
summary statements. The fifth reviewer analyzed each of the 
draft statements summarizing each level and identified 



common terminology among each pair of summaries. Terms 
found to be consistent with those used in the descriptions of 
the corresponding levels were included in the summaries 
prepared for each level. The current draft of these RRL level 
summaries is shown in Table 1 below. 

 

Table 1 – Summary of Draft Reuse Readiness Levels 

RRL Summary 
1 No reusability; the software is not reusable. 
2 Initial reusability; software reuse is not practical. 
3 Basic reusability; the software might be reusable by 

skilled users at substantial effort, cost, and risk. 
4 Reuse is possible; the software might be reused by most 

users with some effort, cost, and risk. 
5 Reuse is practical; the software could be reused by most 

users with reasonable cost and risk. 
6 Software is reusable; the software can be reused by 

most users although there may be some cost and risk. 
7 Software is highly reusable; the software can be reused 

by most users with minimum cost and risk. 
8 Demonstrated reusability; the software has been reused 

by multiple users. 
9 Proven reusability; the software is being reused by 

many classes of users over a wide range of systems. 
 

4. IMPROVING THE REUSE READINESS LEVELS 
 
Presentations on drafts of the RRLs [12, 13, 14] resulted in 
suggestions for the draft topic levels and the initial RRL 
summary levels. These suggestions also highlighted a 
number of issues that needed to be addressed to improve the 
RRLs for use by developers and users as the RRL scale 
continues to be revised and developed. These include issues 
related to security, cost, risk, and lifecycle issues as well as 
ensuring the levels have quantitative measures for consistent 
and repeatable assessment of maturity. In addition, the RRLs 
must be sure to cover all types of reuse (e.g., white box and 
black box [2]), focus on reusability while still including 
some degree of usability, and be designed so that different 
audiences can make use of them (e.g., software developers 
and project managers may both want a measure of software 
reusability, but have different needs/desires for this 
measure). Based on the recommendations received, an 
approach was identified for improving the draft RRLs to 
address these issues. 

Initially, all of the comments and suggestions for 
improvement, which were received from the community for 
each topic area and for the RRLs in general, were presented 
to potential reviewers and discussed to inform the next 
round of reviews. Next, individual reviewers each analyzed 
one or more topic areas and provided recommendations to 
differentiate the changes in software that must be completed 
to attain each successive level for facilitating reuse. All topic 
areas were covered by these individual reviews. 
Differentiating changes between levels required the 

identification of terminology that can describe software 
qualifications clearly to enable the assignment of a level 
when evaluating the reusability of software for a topic area. 

The recommendations for each RRL topic area were 
compiled into a single document to facilitate a complete and 
consistent analysis of all the RRLs. Recommendations 
pertaining to more than one topic area were included in each 
area to which they applied. The comprehensive RRL 
document was then analyzed by three reviewers who 
suggested additional changes for each topic area, as 
necessary, and for each Summary Description of the RRLs, 
to address the recommendations of the individual reviewers. 
They also accepted recommendations from the individual 
reviewers that sufficiently addressed previously received 
feedback on the topic areas. Also, each level was analyzed 
for inconsistencies between topic areas within each level. 
While a software product could be immature for reuse in one 
topic area while achieving maturity in another, the 
relationships among the topic areas require refinement at 
each level to ensure that contradictions of reuse readiness do 
not exist within any particular level. 

The revised draft RRLs will be presented to the 
community of Earth science data systems developers to 
identify additional improvements that are needed. This 
process of revising the RRLs in response to community 
feedback will result in a community-developed measurement 
of the reusability of software that can offer a number of 
potential uses for reuse efforts (see Section 5). 

In addition, an RRL calculator is being developed 
concurrently to provide a Web-based tool for developers and 
potential users of software to determine the reusability of a 
particular software product. The development of the RRL 
calculator is expected to enable testing of subsequent drafts 
of the RRLs and foster the identification of topic areas 
within each level that require further specification to enable 
precise measurement and ease of use. 
 

5. SUMMARY 
 

Software reuse contributes to the development of 
cyberinfrastructure to support eScience and offers potential 
benefits for the Earth science data systems development 
community. The RRLs are being developed to offer 
capabilities for developers and reusers of software to 
measure the reusability of software in terms of several 
dimensions, which have been identified by members of the 
Earth science data systems development community as 
characteristics that are needed to support software reuse. 
The RRLs are presented as a matrix of topic areas and levels 
that can be used to determine the reusability of software 
being considered for reuse. 

The topic areas of the RRLs are being reviewed to 
identify improvements for reducing ambiguity and to specify 
measurable characteristics within each level for assessing the 



reusability of software. Each level of the RRLs is being 
reviewed for consistency among the topic areas.  

Potential uses of the RRLs are as:  measures for 
assessing and comparing software assets for potential reuse 
and for determining potential costs of their reuse; metadata 
for reusable software assets stored in catalogs and 
repositories, as a guide to reusers; an indicator of areas to 
focus on when creating reusable assets, as a guide to 
providers; and part of requests for proposals or contracts, 
asking for a reuse approach or how assets are being made 
reusable [14]. When the RRLs are fully developed, they will 
assist prospective reusers in selecting appropriate software 
to reuse, as well as assisting developers in ensuring that their 
assets are reusable by others. While initially developed for 
use in the domain of Earth science, the RRLs are general 
enough to be used in other domains, providing the potential 
for use in any software development project. 
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